Abstract-A comparative study of the lectins from the families Amaryllidaceae and Alliaceae reveals many common features: all bind D-mannose exclusively and have similar molecular structures and amino acid compositions. All these lectins contain subunits of M, 11500-14000 which are not linked by disulphide bonds and occur as dimers (in Allium sativum, A. vineale, A. ursinum, A. moly, Narcissus pseudonarcissus and Clivia miniata) or tetramers (in Galanthus nivalis, Hippeastrum hybrid, Allium cepa and A. porrum. Most of these lectins were shown to occur as complex mixtures of isolectins. In general, the lectin concentration in Amaryllidaceae bulbs is higher than in Alliaceae bulbs. Antisera raised in rabbits against the Galanthus nivalis and the Narcissus cv Carlton lectins gave, upon double immunodiffusion, single precipitation bands and lines of identity with purified lectins from all Amaryllidaceae species, A. cepa and A. porrum. Similar single lines of identity were obtained between purified lectins from other Allium species and Amaryllidaceae lectins when challenged with rabbit anti-daffodil antiserum. However, two immunoprecipitin bands were obtained when the same assay was carried out with antiserum against Galanthus nivalis lectin, one line cross-reacting with the Amaryllidaceae lectins with the formation of a spur. Cross-reactions were also observed between Allium cepa and A. porrum lectins and the lectins from A. moly, A. vineale, A. ursinum and A. sativum. Although all lectins are serologically related, there are differences in their reaction with various antisera.
INTBODUCTION
With the exception of the large group of Gramineae lectins, most interest in plant lectins during the past decades has focused on lectins in dicotyledonous plant species. However, evidence has accumulated that lectins are not confined to a single family of monocotyledonous species but rather are widespread within this group. Indeed, lectins have been found in tulip (Tulipa gesneriana) [3, 9] , meadow saffron (Colchicum aummnale) [lo] . twayblade (Listera ovata) [15] , snowdrop (Galanthus nivalis) [ 141, daffodil (Narcissus pseudonarcissus) [6, 16] and snowflake (Leucojum aestivum and Leucojum vernum) [16] . Moreover the isolation and characterization of these lectins has revealed that some of them exhibit several interesting properties. For instance, the lectins from Galanthus, Narcissus and Leucojum exclusively recognize mannose [ll, 14, 163 which differ from all previously reported mannose-binding lectins from legume species (which also bind glucose and N-acetylglucosamine). Their absolute specificity towards mannose makes the Amaryllidaceae lectins very useful tools in glycoconjugate research and has already been exploited successfully for the one-step purification of IgM monoclonal antibodies from murine serum and uZmacroglobulin from human serum by affinity chromatography on a column of immobilized Galanthus nivalis lectin [12] and the isolation from human sera of qmacroglobulin, haptoglobin and b-lipoprotein on immobilized Narcissus pseudonarcissus and Hippeastrum hybr. lectin [Kaku, H. and Goldstein, I. J., unpublsihed results]. Furthermore, Amaryllidaceae lectins have been shown to be potent and selective inhibitors of retroviruses (e.g. HIV) and cytomegalovirus [l] .
Since detailed studies of various characteristics of all these mannose-specific lectins have shown that they very definitely differ in some properties (e.g. different molecular strucutres), it seemed worthwhile to seek new representatives of this class of lectins. Similarly, to understand the possible physiological role of these lectins additional information is needed regarding their occurrence within this family or within other taxonomic groups. This paper deals with a comparative study of different Amaryllidaceae and Alliaceae lectins. We present evidence that representatives of the family Alliaceae also contain mannose-binding lectins which strongly resemble the Amarylidaceae lectins with respect to their molecular structure, carbohydrate-binding specificity, amino acid composition and serological properties.
RESULTS

Occurrence of mannose-specific lectins in Amaryllidaceae and Alliaceae species
Previous studies have shown that within the Amaryllidaceae, mannose-specific lectins occur in the bulbs of species belonging to three genera indigenous to Mediterranean Europe: Galanthus, Narcissus and Leucojum [16] . Recently species of two other genera, Hippeastrum and Clivia, which have their centre of variation in America and southern Africa, respectively, but are often cultivated in Western Europe, were also shown to contain reasonable amounts of the mannose-specific lectins. Unlike all other species, Clivia does not have a bulb but a rhizome. For practical reasons, however, the lectin was isolated from the leaves.
Because of the general occurrence of mannose-binding lectins within the Amaryllidaceae we looked for the presence of similar lectins in species of the Alliaceae for two reasons. First, there are indications that both families are closely related taxonomically and second, the occurrence of an unspecific agglutinating activity in bulbs and leaves of several Aliium species had been reported by Sun and Yu [ 133. Very soon it became evident that mannosebinding lectins similar to the Amaryllidaceae lectins also occur within the tribe Allieae of the Alliaceae which, like the Amaryllidaceae, are perennial herbs with a bulb or, more rarely, a rhizome. Because the genus Al/ium is widely distributed and contains both wild species and a large number of economically important species we were interested to see whether the lectins of Alliaceae and Amaryllidaceae are related. Therefore, we isolated the lectins from four cultivated Alliaceae species (Al&urn cepa (onion), Allium porrum (leek), Allium sativum (garlic) and Allium moly (dwarf flowering onions)) and two wild species Allium ursinum (ramsons) and Allium vineale (crow garlic). Because the agglutination activity of crude extracts with rabbit erythrocytes could only be inhibited by mannose, all Alliaceae lectins were purified following the purification scheme described for the Amaryllidaceae lectins [16] . Subsequently the lectins were characterized in some detail.
Since crude extracts from bulbs of different Alliaceae species showed a lower agglutination titre than extracts from Amaryllidaceae species it could be expected that Alliaceae bulbs contain less lectin than Amaryllidaceae bulbs. Whereas the yield of affinity purified lectin is about 24 mg per g fresh weight tissue for Narcissus cv Carlton, Galanthus nivalis and Hippeastrum hybr. bulbs, most Alliaceae species tested contained ca 1 mg of lectin per g fresh weight tissue except for the edible plants (Allium cepa and A. porrum) which contain even less lectin (0.5510 pg per g fresh weight).
Molecular structure
The molecular strucutre of the mannose-specific lectins was determined using SDS-PAGE and gel filtration. Whereas upon SDS-PAGE ( Fig. 1 
Ion exchange chromatography
When the purified lectins were analysed by high resolution ion exchange chromatography, it became evident that they all yield a very complex mixture of isolectins (Fig. 2) . Although all lectins, except the A. ursinum agghttinin, eluted from the anion exchanger column with approximately the same NaCl concentration, different isolectin patterns were obtained. Using the same experimental conditions as for the other lectins, the A. ursinum agglutinin was only partially retained on the Mono-Q column. When the pH of the running buffer was increased from pH 7.8 to 8.7 all A. ursinum isolectins were bound to the column. However, they eluted at very low salt concentrations.
The occurrence of multiple isolectins was confirmed by isoelectric focusing. As shown in Fig. 3 the purified lectins yield a complex pattern of polypeptides of differing intensity indicating that many isolectins are present, some in higher concentrations than others. The A. ursinum agglutinin apparently contains only a few isolectins with a pl near 4.5 whereas all the other lectins contain polypeptides with pl ranging from 4.5 to 2.8. All isolectins appear to possess the same molecular structure and exhibit similar agglutination properties and a binding specificity for mannose (results not shown).
Carbohydrate-binding and agglutination properties
Amaryllidaceae and Alliaceae lectins readily agglutinate rabbit erythrocytes but are completely inactive towards human erythrocytes, irrespective of the blood group. The specific agglutination activity of all lectins was approximately the same, being 3.75 pg ml -' for achieving complete agglutination, except that the lectins from A. sativum and in particular A. moly exhibited a lower agglutination activity (10 and 60 pgml-' for achieving complete agglutination, respectively). It was previously reported that rabbit erythrocytes of different individuals exhibit considerable variation in sensitivity in agglutination assays [16] . Therefore these results should not be compared quantitatively with the figures from previous reports.
The carbohydrate-binding specificity of the lectin was assessed by hapten inhibition assays using a whole series of simple sugars. Of all monosaccharides tested only Dmannose was inhibitory. However, all Alliaceae lectins and the Cliuia miniata lectin require a two-fold higher mannose concentration for inhibition than the Galunthus, Narcissus and Hippeastrum lectins.
Amino acid and carbohydrate analysis
The amino acid composition of three Alliaceae lectins was determined and compared to those of the Amaryllidaceae &tins. All lectins have a very similar but not identical amino acid composition typified by high contents of aspartic acid, threonine, glycine, serine and leucine (Table 2 ). Sugar determinations of purified lectins indicated no covalently bound carbohydrate, suggesting that the lectins are not glycosyiated.
Serological relationship between Amaryllidaceae and Alliaceae lectins
Because the Amaryllidaceae and Alliaceae lectins strongly resemble each other in their molecular structure and carbohydrate-binding properties it seemed worthwhile to examine the serological relationship among the lectins. When challenged with antisera raised against the Galanthus nivalis and the Narcissus cv Carlton &tins in double immunodiffusion assays, purified lectins from all Amaryllidaceae species, A. cepa and A. porrum produced single immunoprecipitin bands forming lines of identity with the different lectins (Fig. 4) . Similarly, when purified lectins from A. moly. A. sativum, A. vineale and A. ursinum were challenged with an antiserum against the Narcissus cv Carlton lectin, single immunoprecipitin fines of identity were also obtained between these Alliaceae lectins and Amaryllidaceae lectins. However, when the same assay was carried out with antiserum against the Galnnthus nivulis lectin two immunoprecipitin lines were obtained, one cross-reacting with the Amaryllidaceae lectins and forming a spur at the end of the arc of precipitation. This cross-reaction was also observed between the A. cepa and ever, as none of the lectins appears to be glycosylated, the occurrence of multiple isoforms cannot be explained by differences in glycosylation. Moreover, the isolectin patterns are highly reproducible [ 181 so that artefacts due to A. porrum lectins and the lectins from A. Alliaceae lectins appear to possess some epitopes that are common with the Amaryllidaceae lectins as they produce pronounced spurs in their cross-reaction with these lecdifferent from those of Amaryllidaceae lectins. tins in a double immunodiffusion assay. All lectins reacted with both antisera used in the At present the taxonomic classification of the Alliaceae immunodiffusion assays. However, as double immunois still a matter of dispute. Some botanists include the diffusion experiments cannot be interpreted quantitatAlliaceae in the (heterogeneous) Liliaceae. Others conively, both antisera were challenged with known concentrations of the lectins in an ELISA. All Amaryllidaceae sider the Alliaceae as part of the Amaryllidaceae, or lectins and both the A. cepa and A. porrum lectin reacted regard them as a separate family which is morphologically related to the Amaryllidaceae. However, the latter is strongly with the antisera prepared against the Galanthus not unequivocally supported by some chemical characnivalis and the Narcissus cv Carlton lectins (Fig. 5) A. vineale (S), A. ursinum (9) and A. moly (10) .
variation within the Alliaceae is needed as this family is not as homogenous as is generally assumed. A certain degree of heterogeneity within the tribe Allieae can be inferred from our results. When we compare the lectins from different Alliaceae species it is surprising that the A. ursinum, A. vineale, A. sativum and the A. moly lectins differ from the A. cepa and A. porrum lectins in that they are proteins comprised of two different subunits. Furthermore, it is striking that A. cepa and A. porrum contain lectins which are serologically more related to Amaryllidaceae lectins than the other Alliaceae lectins tested. Although the lectin concentration in Alliaceae bulbs is lower than in Amaryllidaceae bulbs, all Amarylhdaceae and Alliaceae lectins except the A. cepa and the A. porrum lectin represent one of the most prominent proteins, quantitatively, in a crude bulb extract. The question arises as to why the edible onion and leek plants contain about a hundred-fold less lectin compared to the other Alliaceae species. Unfortunately we cannot resolve this problem based on our results.
EXPERIMENTAL
